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o, THIET KE BQ PIEU KHIEN PHAN HOI TRANG THAI MACH NGUON FLYBACK
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Tém tit:

Bai bdo ndy trinh bay két qud nghién ciru thiét ké thudt toan diéu khién cho mach Flyback. Bing
viéc phan tich nguyén Iy hoat dong cua mach Flyback tir do xdy dung mo hinh toan hoc va dwa ra thudt
todn diéu khién phan hoi trang théai cho mach Flyback. B diéu khién nay giip gidm sdt, diéu khién toan bé
trang thdi ciia mach va tang cuong cdc ché dg hoat dong cho mach. Két qua va tinh ding ddn ciia nghién
cieu thé hién & két qua mé phong ciing nhw dang séng do dwoc thue té sau thiét ké.

Tir khéa: Mach Flyback, nang heong mdt troi, mé hinh trang thdi, gan diém cuec.

1. Mé déu

So d6 khéi ciia hé thong mach cho hé thong
nang lugng mit troi ndi ludi cong sudt nho dién
hinh duoc thé hién ¢ Hinh 1. Hé théng gém 2 mach
chinh 1a mach DC/DC va mach DC/AC trong do
mach DC/DC c¢6 hai chirc nang Boot dap tng va
chirc nang bam diém cong suét cuc dai. Dién ap sau
khdi nay 14 dién ap mot chiéu, on dinh dién ap nay
duogc dua t6i khéi DC/AC nghich luu tao dién ap
xoay chiéu ndi ludi. Trong d6 cac mach bién doi
DC/DC thi mét trong nhimng dang co ban nhit phu
hop cho cong suat nho 1a mach Flyback.
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Hinh 1. So' d6 khoi hé thong nang heong mat troi
noi luoi

Mach Flyback co ciu trac don gian, st dung
s6 linh kién it, ddng thoi lai co chirc ning cach ly
2 phan ngudn tao sy an toan cho nguoi sir dung.
Pé tmg dung dwoc cho hé théng pin ning lwong
mat troi, ngoai chirc nang tao dién ap mot chiéu,
mach con phai ¢6 chirc ning bam diém cong suat
cyc dai. Piéu nay doi hoi hé phai cé chirc ning didu
khién dwoc dong dién hodc dién ap va thay ddi cac
gi4 tri theo tin hiéu diéu khién. Khac v6i cach mo
hinh hoa cho cac dbi tuong khac, mé hinh hoa cho
mach dién tr cong suit doi hoi phai phan tich tir
ché do dong cit, tir d6 dua ra mé hinh cho tin hiéu
trung binh. Thudng cic mé hinh ¢ dang phi tuyén
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nén phai bién doi sang dang tuyén tinh. Khi c6 mo
hinh tuyén tinh r6i thi hoan toan c6 thé ap dung cac
phuong phap khac nhau dé thiét ké thuat toan diéu
khién cho mach.

2. M hinh trang thai mach ngudn Flyback
2.1. Céac trang thai hoat dong ciia mach Flyback
trong ché dd lién tuc

Céu tao mdt mach Flyback don gian duogc
thé hién ¢ Hinh 2. Trong nghién ciru niy, nhom tac
gia chi tap trung trinh bay b bién doi Flyback khi
n6 hoat dong & ché do lién tuc. Trong ché @6 nay,
vé ban chat, dong dién (ca trong cudn so cap va thi
cép ctia bién ap) no s& ludn ludn ton tai va 0 vé dén
0 trong sudt chu ky 7 ciia xung PWM. Piéu nay
nghia 13, c6 mot phan nang luong van ton tai trong
hé théng khi xung PWM két thic. Ta chia chu ky T
thanh hai khoang thé’iv gian T, va T,.. Khi d6 hoat
dong cua mach c6 thé chia lam hai trang thai hoat
dong chinh, day 1a khi khoa Q1 dan va khi khoa Q1

khoa.
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Hinh 2. Mach Flyback khi Q1 on

Khi Q1 dén (Trong khoéng 0 dén T,

Hinh 2(a) biéu dién cau trac mach flyback
trong k’hoéng 0 dén T, - Lﬁc’ nay diér} ap nggén
duogc cap thang dén quan so cap cua bién ap, dong
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thoi dong dién thir cdp bang 0 do Diode D1 khoa
nén ta thu dugc hé phuong trinh tinh dong va ap
trén cudn day so cap va thir cap nhu sau:

di

=1

1i,=0 (1)
dvoul V Yout

0=C4% *®r

Khi Q1 khoa (Trong khoang den 7T)

Hinh 2 (b) biéu dién cau trac mach Flyback
trong khodng T, den T. Lic nay nang lugng tir phia
so cap duoc tlch Iy trong khoang thorl gian trudc
dugc chuyén toan by sang phan thur cap, khi d6 D1
dan va dién ap trén cudn so cap va thir cap ciia may
bién 4p dugc tinh nhu sau:

di
[_ N Vaul L -~

» dt

=N, (2)

av,, N
dt

o (42" o

Hinh 3. Mach Flyback khi Q1 off

vout

=C R

Tur dang dién ap va dong dién suy ra phuong
trinh céc gid tri trung binh:
di

pav

vric(wd_(l_d)N vnufa'L_Lp dt
e = (1 —d)N,i 3)

ps P pav

dvﬂ’u Lav vO?L av
l 5m = C dlf Rf

2.2. Xac dinh ham truyén dat bang tuyén tinh
héa tai diém lam viéc

« Biém lam viéc:
DVdc —(1—D)NpsVout =0

Is = Nps(1—D)lp 4)
—o4+ Vo

Is=0+ R

« Vi phéi hoa tai diém lam viéc:

d=D+d

vdu(w = Vdc + vdc
=1 +i, (%)

pa'L [ +l

v =V +7

outav out out
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* Thu dugc h¢ phuong trinh

Vit 9, )(D+d)=(1=D=d)N,, (V0 + 9,1
d(1,+1,)

L= (6)

I+i,=N,(1-D—d)(1,+1,)

Is_,’_l:'s — Cd(Voutd—;_ Vout) (Vout+vout)

Sau rGt gon thanh phan hing sb, loai bo
thanh phan béc hai ta thu duogc:

- i
Vied+ 93D = (1= D)9, Ny + dV, N,y = L,
i,=(1-D)i,N,—dI,N,,

dvuut Vout
L=Ca TR @)
Chuyén sang mién anh Laplace:
i + vdc (1 )voutN + dVoutN - pS
:( ) pTps d[ ]\]])9
7= G+t ®)

Ta thu dwoc dang tuyén tinh ciia mo hinh
toan hoc cua mach flyback.

2.2. Xay dung mo hinh trang thai
Nhan céc h¢ s6 thich hop dé trir phuong trinh
1 cho 2 ta co:

Kicg+ ";d(‘D_(l D)Vtth +dv;th L ;p
I,L,s g dI,N,L,s
— PP —
G0 TG 0)
ol ~ {;out
L = Cvnuts + R (9)

Trir 2 vé ciia phuong trinh 1 cho 2 vé cua
phuong trinh 2, dong thoi dat

d=u
l~v :xl
VzmI:x2 :y
Ta co:
1-D)N, N, (1-D
¥ = ( LP) px2+(Vdc+V pr) P(Lp )u
N,.,D(1—D
—I,N, i+~ (L )ﬁ¢
p 10
I (10)
Yy =X
Vay c6 thé viét dudi dang:
[xl =—axytau—asu+a,v,
1%, = byx; — byx, (11)
ly =X
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Trong do:
_(1=DJN;, N,.D(1-D)
%___Ef_’ %Z——7:——
N, (1-D) 1
a2:(Vdc+ I/ouths)pT bl _F
1
as=1I,N, @ZFE

3. Thiét ké b didu khién
Thanh phan —ayi+a,7, s€ dugc khi

. 3 ; —au+a,V
biing bo diéu khién bu u = w - ——7——
Sau khi bu h¢ twong duong:

X == axy +aw
1%y = byx; — byx,

y=X
X =Ax+Bw

La mo hinh trang thai
y==Cx

Hinh 4. So d6 khéi hé diéu khién

Thiét ké bo diéu khién phan hodi trang thai
mo rong voi bién trang bo xung: e dugc lay thém tur

khau PI. Luc nay bién trang thdi m¢ rong: [g], ma

A
trdn A mo rong thanh | C O] ma tran B m& rong
B \
tro thanh: | o . St dung phuong phap gan diém cyc
thu dugc cac tham sé cua bd diéu khién nhu trong
bang s6 1.
Bang 1. Tham s6 mé phong va hé thong
Tham s6 mach biém cuc Tham sb bo
Flyback dicu khién
Nps = 10; P1=-5000 R1=0.0006
Lp=0.7¢-3; P2=-7000 R2=-0.014
Vde =310; P3=-6000] R3=-1.004
Vout =15; Kp=-0.00011
Ip=1.5; Ki=-1.004
C =22e-6;
R=3;

Két qua dugc md phong trén Simulink va
kiém tra lai trén mach thyc té c6 so do nguyén ly
nhu Hinh 5. Két qua mo phong cho ¢ cac Hinh 6,
7, 8. Két qua khao sat mach thuc té cho ¢ Hinh 9,
10, 11.

VinH TF iz VatH  IowE Towil
A N
H ] Bue e R 2
m LI )
CR1
Bl | o TR e | HIC tes Feader2
_ ﬁ EANE T~ 100F [ﬁ; ::g % E Gn__q) ~Cap Ehll
kY v —
Foader ' ¥ 6EE 1031{11 ] 1008 @D
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Dicde 15404 GrD
= 3
D 1 S0 4 ﬂ , CIH
L é Tiode IIDQEB [ [R5 470mIW
™ ¢ sl
L 2 |1l | e
2 - CTtzndormer
K o o Flug
Dl | B3 T e S| b 19
Rt L Il Bk 1] ¥®Rs0
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1 W Dt R4
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Component 1 K 4
Drived. j2:00)
Hinh 5. So @6 nguyén Iy mach phan cirng
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Hinh 6. Dap ing theo dién ap dat
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Hinh 7. Dang dong dién khi thay doi dién ap dat
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Hinh 8. Dap ung dién ap dat 15V

Hinh 9. Dang dong dién trong cuén so cap bién dp
xung (Sus_2V/div)
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Hinh 10. Dang dién dp trén cudn thir cap bién dp
xung (Sus_2V/div)

Hinh 11. Khéi dong mém, ddp vmg tin hiéu diéu
khién dién ap(5V_Ims/div)

Tir cac két qua khao sat va md phong cho
thdy dap g tot clia thut todn diéu khién. Chat
lwong dau ra cho thdy trong ca hai truong hop hé
déu khong ¢6 do qua diéu chinh, thoi gian dap tng
t6t (2ms). Piéu nay ching t6 hoan toan cé thé ap
dung cac thuat toan chét luong cao cho cac hé dién
tir cong sudt.

4. Két luan

V6i phuong phap mé hinh hoa theo tin hiéu
dong cat rdi tuyén tinh hoa tai diém lam viéc ta s&
thu dugc mo6 hinh toan hoc dang tuyén tinh cua hé
tai diém lam viéc. Tir d6 c6 thé ap dung cac phuong
phap didu khién khac nhau dé diéu khién hé dién tir
cong suit. Tir md hinh toan hoc tuyén tinh ta hoan
toan chon duoc bién dau ra 1a dong dién hodc dién
ap. Thuat toan nay da dé xuét dap Gmg dé dang cac
thuat toan diéu khién cao trong cac hé niang luong
mit troi (thuét toan bam diém cong suit cuc dai).
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DESIGNING A STATE FEEDBACK CONTROLLER FOR FLYBACK SOURCE CIRCUIT

FOR SOLAR PANEL APPLICATIONS

Abstract:

This article presents the study results of designing control algorithm for flyback circuit. Setting

up a mathematical model and giving a state feedback control algorithm for the flyback circuit basing on
analyzing operating principle of the Flyback circuit. This method helps to monitor, control the overall state
of the circuit and enhance operating modes for the circuit. The results and correctness of the study are
shown in the simulation results as well as waveforms measured during setting a real circuit.

Keywords: Flyback circuit, solar power, state model, pole assignment.
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